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Abstract 
Improving of eco-efficiency is propitious for resource saving and emission reduction, and thus become a popular way to 
sustainable development. Industry is the main source of energy consumption and GHGS emissions of China, thus analyzing of 
energy efficiencies for industrial sectors of major cities may provide essential information for restructuring of industrial system 
and energy saving & emission reduction. In this article, based on a framework of relationship between industry and its 
environment, the energy consumption by industry (or its sectors) is taken as environmental impact, and the energy efficiency is 
defined. Chongqing, Guangzhou and Tianjin are selected as the major cities, their present industrial engery efficiencies are 
estimated as 0.527, 0.946, and 1.019 wanyuan/ktce, respectively. On the basis of statistic data, the present energy efficiencies of 
39 industrial sectors for the three selected cities are estimated. The results show that the eco-efficiencies of 39 industry sectors 
are equilibrium in sectors and cities, which exhibites that the order of industrial sectors in energy efficiency will vary with cities, 
and even for a same industry sector, the energy efficiency may have several folds of difference for different cities. Meanwhile, 
for a same city, the values of energy efficiency for different industrial sectors may range from centuplicate to several thousand 
folds. It indicates that there is a great possibility for energy saving & emission reduction in restructuring of industry system. 
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1. Introduction 
Climate change is one of the current major global environmental problems[1]. To save the earth by curbing global 
warming has become a common mission of all humanity[2]. In order to response this challenge, eco-efficiency 
approach is inducted to restrain greenhouse gases emisson[3]. In China, prime minister wen jiabao proposed to deal 
with climate change as an important strategic task of China and to cut carbon dioxide emission per GDP in 2020 
down to 40-45% of that in 2005 [4]. The burning of fossil fuels is an important source of greenhouse gases 
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emission[5],  thus to reduce the consumption of fossil fuels is an important measure for dealing with global warwing, 
especially for those countries and regions with fossil fuels as their major energy sources, just as China[6,7].   
Our country is in the key period of industrialization and urbanization processes at present[8]. It is reported that, the 
industry contribution to national economy has been increasing from 38% in 1985 to 43% in 2007, at the same period, 
the population in city increases from 20% to 46% of total national population, and industry energy consumption 
from 68% to 72% of toal final national energy consumption[9,10], which indicates that urban industry is the most 
important source of energy consumption. In this article, Guangzhou, Chongqing and Tianjin will be taken as 
representatives, and the energy efficiency both for industry and industry sectors of these three cities will be 
quantitated, the results would be used as an essential information and foundation for reducing urban energy 
consumption at root causes. 
2 Methodology 
2.1 Industry and Industry Sectors 
Industry is a group of material producers engaged in exploitation of natural resource, fabrication and 
remanufacture of excavate minerals and agricultural products, specificly including the following processes: (a). the 
exploitation of natural resources, such as mining, brine evaporating, forest harvesting, etc. (excluding hunting for 
animal and beast hunting and catching for aquatic animals and plants ); (b). the fabrication and remanufacture of 
agricultural products, such as exploitation of natural resources, such as grain and cooking oil processing, food 
handling,  cotton ginning, filaturing, weave spinning, tanning, etc.; (c). the fabrication and remanufacture of 
excavate minerals, such as iron smelting, steelmaking, chemical producing, petroleum processing, machinery 
productionmachinery production, wood processing, and the production and supply of electric power, gas, and water, 
etc.; (d). the mending and retreading of industrial products, such as the repairing of machines and equipments, the 
mending of trafic tools and conveyances, etc.[11]. According to China’s national Standard of Industrial Classification, 
GB/T 4754-2002[12], the industry of China can be further separated into 39 industrial sectors, their names and codes 
used in this study are showed in Table 1.  
 
Table 1.  Industry sector codes 
Code Name of sectors Code Name of sectors 
CMW Mining and washing of coal MEM Manufacture of medicines 
PGX Extraction of petroleum and natural gas CFM Manufacture of chemical fibres 
FMM Mining and processing of ferrous metal ores RUM Manufacture of rubber 
NFM Mining and processing of non-ferrous metal 
ores 
PLM Manufacture of plastics 
NOM Mining and processing of non-metal ores NMM Manufacture of non-metallic mineral 
products 
OOM Mining of other ores FMS Smelting and pressing of ferrous metals 
AFP Processing of food from agricultural 
products 
NFS Smelting and pressing of non-ferrous metals 
FOM Manufacture of foods MPM Manufacture of metal products 
BEM Manufacture of  beverages GMM Manufacture of general purpose machinery 
TOM Manufacture of tobacco SMM Manufacture of special purpose machinery 
TXM Manufacture of textiles TRM Manufacture of transport equipment 
TWM Manufacture of textile wearing apparel, 
footware and caps 
EEM Manufacture of electrical machinery and 
equipment 
LFM Manufacture of leather, fur, feather and 
related products 
CEM Manufacture of communication equipment, 
computers and other  electronic equipment 
WBP Processing of timber, manufacture of wood, 
bamboo, rattan, palm, and straw products 
ICM Manufacture of measuring instruments and 
machinery for cultural activity and office 
work 
FNM Manufacture of furniture ARM Manufacture of artwork and other 
manufacturing 
PAM Manufacture of paper and paper products WRD Recycling and disposal of waste 
RMP Printing, reproduction of recording media EHP Production and supply of electric power and 
heat power 
ARM Manufacture of articles for culture, education 
and sport activities 
GPS Production and supply of gas 
FUP Processing of petroleum, coking, processing WPS Production and supply of  water 
 Jiansu MAO et al. / Procedia Environmental Sciences 2 (2010) 781–791 783
of nuclear fuel 
CMM Manufacture of raw chemical materials and 
chemical products 
  
  
2.2 Energy Efficiency 
According to the definition of eco-efficiency given by OECD [13], eco-efficiency can be expressed as industry 
energy efficiency when we focus on industry and take industry energy cousumption and industry added value as the 
envirnmental loads and outputs[14], which can be expressed as: 
E
G
e                                                  ˄1˅  
where, G represents annual industry economic output and expressed in terms of present industry added value, 
with unit of wanyuan·a-1; E represents annual industry energy consumption, with unit of tons of standard coal per 
annum (tce·a-1); e  represents energy efficiency, with unit of wanyuan/tce. 
The equation (1) may expressed as equation (2) when a certain industry sectors be emphasized on:  
i
i
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where, the subscript i  is the serial number of a certain industry sector. 
It is showed in formula (1) and (2) that a higher energy efficiency may indicates less energy consumption at the 
same economic output, or more industry added value at the same industry energy consumption.   
Considering that the industry added value is the sum of the added values produced by its constituted industry 
sectors, and the industry energy consumption is the sum of the energy consumption by its constitued industry sectors, 
which can be expressed as the following two formulas respectively:  
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where,  n  is the total number of industry sectors, other symbols have the same meanings as previous definition. 
And considering formula (2) for a certain industry sector, a relationship between industry energy efficiency and 
that of industry sectors can be expressed as equation (5).  
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where, Gif  is the contribution ratio of a certain industry sector to total industry added value, which can be 
expressed as equation (6):  
G
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1
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n
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Gif . 
It was showed in formula (6) that the industry energy efficiency is related to its economic constitution and the 
specific energy efficiencies of industry sectors. In order to improve industry energy efficiency, it will be necessary 
for improvement not only on the energy efficiency of every industry sector but also a resructure of industry 
constitution and to enhance the contribution from those industry sectors with higher energy efficiencies. 
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2.3 Cities in Case Study and Data Source 
Guangzhou, Chongqing and Tianjin are seleted as the cities in case study. Both Chongqing and Tianjin are 
municipalities with long term of development and are used to represent the traditional major cites, while Guangzhou 
is a new quick-developed city after China’s reform and openning to the outside world, which is used to represent the 
new major citis of China. Two categories of essential data are employed in this study, they are the data for energy 
consumption and that for industry added value, both for industry and industry sectors. The data source for 
Chongqing and Tianjin are Chongqing Statistical Yearbook[15] and Tianjin Statistical Yearbook[16], respectively, 
which report the data for the year of 2008. Because that, these two yearbooks report the actural amounts of different 
fuels (such as coal, crude oil, natural gas, and so on) for various of industry sectors, it is need to convert these 
actural amounts of fuels consumption to standard coal before we sum up various fuel consumption and estimate 
their energy efficiency. The factors used to convert actual fuels to standard coal are lised in table 2. for Guangzhou, 
the values of energy consumption per unit industry added value for industry and industry sectors are directly given 
in Guangzhou Statistical Yearbook[17], which is just the reciprocal of energy efficiency, thus the energy efficiencies 
both for industry and its sectors can be calculated directly based on the data for energy consumption per unit 
industry added value in Guangzhou Statistical Yearbook in 2008, which reports the data for Guangzhou industry and 
its sectors in 2007.  
 
Table 2.  Factors used to convert energy sources from physical units to coal equivalent  
 
Energy Conversion factor to coal equivalent a 
Coal 0.7413 /kgce·kg-1 b  
Coke 0.9714 /kgce·kg-1 
Crude oil 1.4286 /kgce·kg-1 
Gasoline 1.4714 /kgce·kg-1 
Kerosene 1.4714 /kgce·kg-1 
Diesel oil 1.4571 /kgce·kg-1 
Fuel oil 1.4286 /kgce·kg-1 
Natural gas 1.33 /kgce·m-3 
Heat 0.03412 /kgce·Mjoule-1 
Electricity 0.123 /kgce·kWh-1 
Other oil 1.4 /kgce·kg-1 c 
a Data source: China energy statistical yearbook, 2008. 
b
 Takes the value for raw coal. 
c
 Estimated value. 
3 Results and Discussion 
3.1 Industry Energy Efficiency and its Comparison  
On the basis of obtained data for industry energy consumption and industry added value, the industry energy 
efficiencies for Guangzhou, Chongqing and Tianjin can be estimated according to equation (1), the results are 
presented in Table 3. 
 
Table 3 Value of the industry energy efficiencies for selected cities 
Name of City Industry Energy Efficiency /wanyuan·tce-1 
Guangzhou 0.946 
Chongqing 0.527 
Tianjin 1.019 
 
It is showed in Table 3 that the industry energy efficiency of Tianjin is the highest among those of the three 
seleted cities, and its figure is about one time higher than that of Chongqing, while, Guangzhou has a moderate 
value of industry energy efficiency. The above indicates that there still exists a great disparity in the industry energy 
effieiencies of different cities.  
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3.2 The Constitution of Industry Added Value 
It is showed in equation (5) that the industry energy efficiency is closely related to its economic constitution. To 
analyze the constitution of industry added value will be propitious to knowing the causes for great disparity among 
the energy effiiciencies of different cities. In this study, the contribution ratio to industry added value by industry 
sector is used as the indicators for economic constitution, which is estimated and presented from highest to lowest in 
Fig.1.  
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Fig. 1.  Contribution ratio to industry added value by industry sector from highest to lowest for selected cites (a) Guangzhou, (b) Chongqing, (C) Tianjin 
 
It is showed in Fig. 1(a) that, the contribution of the industry sector named manufacture of transport equipment 
(with code of TRM) to industry added value is the highest among Guangzhou industry sectors, which contributes 
24% of the total industry added value. The followed is the industry sector named manufacture of raw chemical 
materials and chemical products (with code of CMM), which contributes 16% of the total Guangzhou industry 
added value. The contribution ratios of other industry sectors are all below 10% of the total Guangzhou industry 
added value. 
It is know from Fig.1(b) that, the contribution of the industry sector named Manufacture of special purpose 
machinery (with code of SMM) to industry added value is the highest among Chongqing industry sectors, which 
contributes more than 30% of the total Chongqing industry added value, and is 3.5 times of that of the industry 
sector named processing of petroleum, coking, processing of nuclear fuel (with code of FUP), which is the followed 
industry sectoris. The contribution ratios of other industry sectors are all below 10% of the total Chongqing industry 
added value. 
It is know from Fig.  1(c) that, the contribution of the two industry sectors named Smelting and pressing of ferrous 
metals (with code of FMS) and Extraction of petroleum and natural gas(with code of PGX), respectively, to industry 
added value are the highest among Tianjin industry sectors, which contributes around 18% of the total Tianjin 
industry added value. The followed is a industry sector named Manufacture of communication equipment, 
computers and other  electronic equipment (with code of CEM), which contributes 16% to the Tianjin industry 
added value. The contribution ratios of other industry sectors are all below 8% of the total Tianjin industry added 
value. 
3.3 The Energy Efficiency of Industry Sectors 
The energy efficiencies of indsutry sectors for Guangzhou, Chongqing and Tianjin can be estimated according to 
the method described in previous text. The results are showed from highest to lowst in Fig. 2.  
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Fig. 2.  Energy efficiency of industry sector from highest to lowest for selected cites. (a) Guangzhou, (b) Chongqing, (C) Tianjin 
 
It is know from Fig. 2(a) that, the industry sector named manufacture of tobacco (with code of TOM) rank the 
first in energy efficiency of Guangzhou industry sectors with a value of 74 wanyuan/tce , followed by a industry 
sector named manufacture of transport equipment  (with code of TRM) with a value of 13.5 wanyuan/tce. The 
energy efficiencies of all other industry sectors are all below 7 wanyuan/tce . The first one (i.e., the energy 
effieiency of TOM) is about 5.5, 80, and 1030 times higher than that of the second (i.e., TRM), Guangzhou industry, 
and the lowest industry sector (i.e., the indsutry sector named processing of petroleum, coking, processing of nuclear 
fuel (with a code of FUP) ), respectively, thus the industry sector named TOM is the dominant industry sector that 
drives and enhances the energy efficiency of Guangzhou industry. 
Fig.2(b) shows that, the energy efficiency of a industry sector named manufacture of articles for culture, education 
and sport activities (with code of ARM) with a value of 137 wanyuan/tce is the highest among Chongqing’s industry 
sectors, followed by industry sectors named manufacture of special purpose machinery (with code of SMM) and 
production and supply of gas (with code of GPS). The energy efficiency of ARM is about 3.9 and 4.5 times higher 
than that of SMM and GPS, about 260, 10700 times higher than that of Chongqing’s industry and the lowest of 
Chongqing industry sector (i.e., mining and washing of coal (with a code of CMW) ), respectively, thus the industry 
sector named ARM is the dominant industry sector that drive and enhance the energy efficiency of Chongqing 
industry.  
It is indicates from Fig. 2(c) that, the energy efficiency of a industry sector named extraction of petroleum and 
natural gas (with code of PGX) with a value of 7.8 wanyuan/tce is the highest among Tianjin’s industry sectors, 
followed by manufacture of chemical fibres (with code of CFM) , manufacture of electrical machinery and 
equipment (with code of EEM), manufacture of special purpose machinery (with code of SMM), and production and 
supply of gas (with code of GPS). These later four industry sectors have nearly the same vulue of energy efficiency 
about 4.4 wanyuan/tce, which is about 7.6 and 334 times higher than that of Tianjin industry, and the lowest 
industry sector (i.e., the indsutry sector named manufacture of non-metallic mineral products (with a code of 
NMW) ), respectively. Compared to Guangzhou and Chongqing, the vulues of energy efficiencies for Tianjin 
industries sectors looks at the same ranges. 
3.4 The Disequilibrim of Industry Sectors 
It is know from previous analysis (or equation (5)) that, the industry setors that constitute industry and their 
energy efficiencis are main factors that influence industry energy efficiency of a city. The differences in industry 
constitution and energy efficiencies of industry sectors between Guangzhou, Chongqing and Tianjin will be 
discussed in the following sections.  
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2.4.1 The Disequilibrim of Industry Constitution  
In order to know the difference in  industry constitution between Guangzhou, Chongqing and Tianjin, the 
contribution ratios to industry added value by industry sectors are presented in Figure  3 for the three selected cities. 
It is showed in Figure 3 that, among the three selected cities, the industry sectors that contribute more than 10% of 
the total industry added value are as follows from left to right in Fig. 3 : Extraction of petroleum and natural gas 
(with a code of PGX) in Tianjin, Manufacture of raw chemical materials and chemical products (with a code of 
CMM) in Guangzhou,  Smelting and pressing of ferrous metals (with a code of FMS) in Tianjin, Manufacture of 
special purpose machinery (with a code of SMM) in Chongqing, Manufacture of transport equipmen (with a code of 
TRM) in Guangzhou, and Manufacture of communication equipment, computers and other electronic equipment 
(with a code of CEM) in Tianjin. It is also showed that, significant economic contribution will happened to different 
industry sectors for different cities, meanwhile, for a certain industry sector, its economic contribution ratio to 
industry added value will be different for different city, therefore, the industry constitution exhibits disequilibrim for 
different cities.  
 
 
 
Fig. 3. The disequilibrium of contribution ratio to industry added value by industrial sectors of selected cities 
 
 
2.4.2 The Disequilibrim of Energy Efficiency   
In order to know the difference in engery efficiency of industry sectors among between Guangzhou, Chongqing 
and Tianjin, the energy efficieny of industry sectors are exhibited in Figure  4 for the three selected cities. It is 
showed in Figure 4 that, among the three selected cities, the industry sectors that has prominent energy efficiency 
(with a value more than 20 wnayuan/tce) are as follows from left to right in Fig. 4 : Manufacture of tobacco (with a 
code of TOM) in Guangzhou, Manufacture of furniture (with a code of FNM) in Chongqing, Manufacture of articles 
for culture, education and sport activities (with a code of ARM) in Chongqing, Manufacture of special purpose 
machinery (with a code of SMM) in Chongqing, Production and supply of gas (with a code of GPS) in Chongqing. 
However, the values of energy efficiency for the industry sectors in Tianjin are all less than 10 wanyuan/tce. The 
above indicates that, the energy efficiency of industry sectors will distribute much different for different citie, 
meanwhile, for a certain industry sector, its vulue of energy efficiency will be much different for different cities, 
therefore, the energy efficiency of industry sectors shows disequilibrim for different cities.  
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Fig. 4. The disequilibrium of engery effficiency for the industrial sectors of selected cities 
 
4 Conclusions  
From this study, the conclusion may be obtained as follows: 
(1) The present values of industry energy efficiency are estimated as 0.527, 0.946, and 1.019 wanyuan/tce for 
Chongqing, Guangzhou and Tianjin, respectively. 
(2) The main factors affecting industry energy efficiency are industry consititution and the energy efficiency of 
industry sectors. 
(3) A disequilibrim is found in urban industry constitution, which exhibits that the contribution ratios to the total 
industry added value vary from 30 to several tenths of percent by industry sectors in Guangzhou, Chongqing and 
Tianjin. The significant economic contribution will happened to different industry sectors for different cities, 
meanwhile, for a certain industry sector, its value of economic contribution ratio to industry added value will be 
different for different cities.  
(4) A disequilibrim occurs to the distribution of energy efficiency by industry sectors, which presents that the 
values of energy efficiencies ranges from 74 to 0.01 wanyuan·/tce for industry sectors of Guangzhou, Chongqing 
and Tianjin. The order of energy efficiency from the highest to the lowest by industry sectors is different for 
different city, meanwhile, for a certain industry sector, its value of energy efficiency will be different for different 
cities.  
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